Concentration of heavy metals from surface and groundwater within the communities were determined in order to assess the health risks linked to the use/consumption of same. Furthermore, the cancer risk for adults in surface water revealed medium to high cancer risk for arsenic (As); low to medium cancer risk for cadmium (Cd) and very high cancer risk for chromium (Cr). In addition, the cancer risk for adults in groundwater is as follows: high cancer risk for As; low cancer risk for Cd and very high cancer risk for Cr while that for children is very high cancer risk for As and Cr and then low cancer risk for Cd. The findings from this research confirm that the inhabitants within the study area are at direct health risk (carcinogenic and non-carcinogenic) due to the alternate use of surface and groundwater without any form of treatment.
Introduction
The health risks assessment associated with the consumption of water as well as use for domestic and irrigation purposes from abandoned mine ponds, streams and groundwater resources, was conducted. This was considered within Barkin ladi and surrounding localities which forms part of the Jos Plateau where mechanized tin mining activities took place for over seven rain waters. A good number of the mine ponds are situated along stream channels, twenty three (23) samples of water from these were collected, as well as from flowing stream channels, while another set of twenty three (23) samples were drawn from hand dug wells and boreholes which are mostly sited within residential settlements. These were collected in polyethylene containers previously washed and repeatedly rinsed with distilled water and kept in sealed. At the point of sampling, the containers were rinsed twice with the sample to be collected before the final collection. On-site measurements of pH, temperature, The filtered and acidified water samples were analyzed at Bureau Veritas Minerals (BVM) laboratory, Vancouver, Canada; using the Inductively Coupled Plasma Mass Spectrometry (ICP-MS) method of analysis.
Human Health Risk Assessment
Human exposure to heavy metals is through several pathways including oral, inhalation and dermal (Elumalai et al., 2017) . Risk assessment is a function of the hazard and exposure (Adamu et al., 2015) and is defined as the process of estimating the probability of occurrence of an event and the probable magnitude of adverse health effects on human exposure to environmental hazards over a specified period of time. The health risk assessment of each potentially toxic metal is usually based on the quantification of the risk level and is expressed in terms of a carcinogenic or a non-carcinogenic health risk (Lim et al., 2008) . The two principal toxicity risk factors evaluated are the slope factor (SF) for carcinogen risk characterization and the reference dose (RfD) for non-carcinogen risk characterization.
The toxicity indices of each potentially toxic metal are shown in Table 1 (USEPA IRIS, 2011). The estimations of the magnitude, frequency and duration of human exposure to each potentially toxic metal in the environment are reported as average daily dose (ADD) (Siriwong, 2006) and calculated using:
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where ADD is the average daily dose (mg/kg/day), C is the concentration (mg/L) n.d
The input parameters in ADD formula are shown in Table 2 .
The final stage of health risk assessment is the risk characterization. In this stage, the exposure and dose response assessments are integrated to yield probabilities of effects occurring in human beings under specific exposure conditions (Ayantobo et al., 2014) . The extent of harm sustained is expressed in terms of hazard quotient as follows:
where ADD and RfD are in mg/kg-day. In the case of hazard index (HI) which is the sum of individual HQ's representing a mixture of chemicals:
Hazard Index ( )
The carcinogenic risks are expressed in terms of the probability that one may develop cancer at a given lifetime exposure level. The cancer risk probability is determined from the slope factor (SF) which denotes the probability of developing cancer per unit exposure level if mg/kg/day and its data can be obtained from IRIS database as displayed in Table 3 . Cancer risk is then calculated as follows:
The scale for classification is presented in Table 3 , alongside the non-carcinogenic risk evaluation.
Results and Discussions

Questionnaire Analysis
Inhabitants living within the study area were interviewed through the use of investigation technique in a random manner. A total of two hundred and seventeen Figure 3 ). Consequently, rendering them vulnerable of being exposed to heavy metals and at risk of manifesting adverse health effects over a period of time.
According to the data analyses, the prevalent illnesses experienced by the inhabitants within and around the study area, 1.9% have come down with cancers of various forms, 0.5% with skin disease; while a greater part of the population (27.7%) suffer diseases like typhoid and/or diarrhea and/or dysentery and/or cholera captured as "others" (Figure 4 ). Other records include cases of cancers and kidney disease as 0.5%; 4.7% of the population suffer cancers and others;
24.4% have experienced cancers, skin diseases and others; 4.2%, skin diseases, tuberculosis and others; while 4.7% of those interviewed have had relations or themselves experienced cancers, skin disease, kidney disease and others; 1.4%
with skin disease and tuberculosis; 0.9%, kidney disease and others and 0.9% have been ill with cancers, skin diseases, kidney disease, tuberculosis and others.
The manifestations of some of these diseases could be linked to the exposure of the potentially heavy metals.
Concentrations of Heavy Metals in Surface and Groundwater
The mean concentrations of heavy metals determined in surface water within Health hazards were identified in some surface water locations for instance iron (Fe) exceeds the Nigerian standard guideline value in all locations except SW8, SW13, SW15 and SW19. Also, manganese (Mn) exceeds the standard guideline value in SW6, SW9, SW10, SW21 and SW 23 as well as lead (Pb) in SW1, SW2, SW7, SW9, SW10 and SW16 as shown in Table 4 .
In groundwater, the mean concentration of heavy metals is the following or- suggesting medium non carcinogenic health risk. However, the average HI value in this case is 0.90561 implying low non carcinogenic health risk.
The cancer risk levels of As for adults through exposure to the surface water sources within the study area range from 7.8E−05 (medium cancer risk; USEPA, 1999) to 1.0E−04 (high cancer risk) located at Rassa2 and Pwamol2 respectively.
On the average, the cancer risk of As for adults is 8.1E−05 (medium cancer risk)
implying an approximate number of eight (8) people in a hundred thousand. In the same way, the cancer risk levels of As for children ranges from 6.0E−05 (medium cancer risk level; USEPA, 1999) to 1.0E−04 (high cancer risk) situated at Vwei and Kuru Jenta2 respectively with an average value of 1.1E−04 (high cancer risk) i.e. one (1) person in a total of 10,000 people. This is displayed in Table   8 below.
The carcinogenic risk of cadmium (Cd) for adults range from 6.3E−06 (low cancer risk; USEPA, 1999) to 1.4E−05 (medium cancer risk) observed in Rassa1 and Bisichi1 respectively. The average cancer risk level in this case is 4.1E−06
(low cancer risk) meaning four (4) people in a million. Similarly, the cancer risk of Cd in children range from 8.8E−06 (low cancer risk) to 2.0E−05 (medium cancer risk; USEPA, 1999) at Rassa1 and Bisichi1, with an overall average of 5.8E−06 (low cancer risk) implying an approximate figure of six (6) persons in a total of one million people.
The cancer risk of chromium (Cr) in adults range from 9.4E−03 to 1.0E−02 (Table 8 ) considered as very high cancer risk (USEPA, 1999) with an average value of 9.1E−03 (very high cancer risk) meaning nine (9) persons in one thousand people. A similar situation is seen in the cancer risk of Cr in children where the range is from 9.5E−03 to 1.0E−02 as shown in Table 8 , with an average value of 1.3E−02 (very high cancer risk) i.e. one (1) person in a pool of one hundred.
Groundwater
The calculated HQ for adults in groundwater on behalf of all the metals considered range from 0 -0.291333 indicating negligible to low non carcinogenic risk.
Similarly, the HI for the adults in groundwater range from 0.066046 (negligible non cancer risk) to 0.377082 (low non carcinogenic risk) as shown in Table 9 which does not pose a serious health concern. Similarly, the HQ for children in groundwater range from 0 to 0.405333 signifying negligible to low non cancer Journal of Geoscience and Environment Protection health risk. Also, the HI values range from 0.09189 to 0.524636 (Table 10) denoting negligible to low non cancer risk on children (USEPA, 1999).
From Table 11 , the cancer risk of arsenic for adults through exposure to groundwater within the study area is situated in Kassa with a value of 9.5E−05
(medium cancer risk; USEPA, 1999) . Similarly, the cancer risk of arsenic in the case for children in groundwater is located in Kassa with a value of 1.3E−04
(high cancer risk) as shown in Table 11 .
The cancer risk of cadmium for adults in groundwater range from 1.31E−06 to 1.97E−06 (Table 11) The cancer risk of chromium for adults in groundwater ranges from 8.3E−03 to 1.0E−02 (Table 11 ) deduced as very high cancer risk (USEPA, 1999) . A similar situation is seen in the case of the children where the cancer risk of chromium in groundwater ranges from 9.5E−03 to 1.1E−02 implying very high cancer risk (USEPA, 1999).
Conclusion and Recommendations
According to the findings in this research, the human health risk levels associated with the consumption/irrigation domestic use of the surface water resources is high as compared with the groundwater sources. However, heavy metal movement through these two sources (ground and surface water) is expected over time. This would pose serious health problems (carcinogenic and/or non-carcinogenic) to the residents and especially the children who consume more water per unit of body weight than adults (ENHIS, 2007) .
Consequently, it is recommended that water management plans and awareness be carried out and put in place within these communities. Also, the need for government to develop methods of restoration/reclamation of the mined out areas is suggested.
